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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a cleaning liquid having extremely low corrosiveness to materials such as a 
metallic film and SOG (Spin On Glass) film and to a process for producing a high quality and highly reliable semicon- 
ductor device, said cleaning liquid being suitably used for e.g. removing a deposit polymer formed in the case of dry 

10 etching in a semiconductor device production process using silicon, specifically (1) for removing a deposit polymer 
(deposit protection film) formed and stuck inside or around a via hole (connective hole formed in an insulating film for 
connecting between a metallic electroconductive film layer formed for wiring in a lower layer of an insulating film and 
a metallic electroconductive film layer formed in the upper layer of the aforesaid insulating film), which via hole being 
formed particularly in the insulating layer (interlaminar insulating film); and (2) for removing a deposit polymer formed 

15 and stuck to a side wall, etc. after wiring of a metallic electroconductive layer. 

2. Description of the Related Arts 

[0002] In general, lithography has heretofore been adopted in the production of a semiconductor device such as LC 
20 and LSI. In the case of producing a semiconductor device by lithography, there are adopted a series of steps of forming 
an insulating film such as silicon oxide film on a substrate such as a silicon wafer and an electroconductive film such 
as a metallic film for wiring as electroconduction; uniformly applying a photoresist on the surfaces thereof to provide 
a photosensitive layer; applying selective exposure and developing treatment to form a desired resist pattern ; subjecting 
thin films in the lower layer to selective etching treatment using the resist as a mask to form a circuit pattern; and then 
25 completely removing the resultant resist pattern. 

[0003] With recent progress in high integration of semiconductor devices, there is required pattern formation with an 
accuracy of a half micron to a quarter micron. Thus, with the progress of such fine processing, the dry etching becomes 
prevalent in the above-mentioned selective etching treatment and the removal of the resist pattern is carried out in- 
creasingly by ashing treatment with oxygen plasma. 
30 [0004] There is known, however, in such a dry etching treatment, the formation of a deposit polymer due to the dry 
etching gas, resist, processed film and the like in the perimeter of the formed pattern. Such a deposit polymer, when 
being left inside and around via holes, brings about such unfavorable situation as high electric resistance and short 
circuit. Accordingly, it is extremely important to remove the deposit polymer in order to obtain a high quality semicon- 
ductor device. 

35 [0005] The removal of a slight amount of the deposit polymer can be achieved by the combinational use of an ashing 
treatment and an organic solvent for resist peeling such as an alkaline or acidic solvent. The removal of a large amount 
thereof can be achieved by a cleaning treatment through the use of a treating liquid containing hydrofluoric acid or 
containing hydrofluoric acid and ammonium fluoride. 

[0006] However, such a treatment method by the use of a fluorine compound is useful in the case of using an ex- 
40 tremely corrosion resistant insulating film of silicon oxide such as a CVD (Chemical Vapor Deposition)-silicon oxide or 
a thermal silicon oxide and a relatively corrosion resistant metallic film made of tungsten, titainium, an alloy thereof, 
titanium/tungsten alloy, titanium nitride or the like, as a lower layer film for the insulating film wherein via holes are 
formed. Nevertheless, the aforesaid treatment method, when applied to an insulating film of SOG silicon oxide or a 
metallic film made of aluminium or an aluminum-containing alloy, brings about, for example, connection failure for the 
45 metallic film through via holes by the above-mentioned fluorine compound which corrodes and dissolves the insulating 
film or the metallic film, thereby completely losing electrical reliability. 

[0007] In the case where aluminum or an aluminum-containing alloy is subjected to dry etching to form metallic 
wiring, the deposit polymer is formed and stuck to the side wall of a wiring layer. Such polymer is extremely difficult to 
remove, and besides an acid is formed by the phenomenon in that radicals and ions in a reaction gas that are incor- 
50 porated into said deposit polymer are left in the air after the end of the etching treatment, and are reacted with the 
humidified air. Consequently, the wiring materials are corroded thereby, resulting in an increase in electric resistance 
and wire breakage, thus causing serious adverse influenece. 

[0008] As a method for preventing such corrosion of the wiring materials, a method is put into practice for example, 
in which said radicals and ions are washed away by carrying out a cleaning treatment with ultrapure water for a long 
55 time after the dry etching. In this method, however, it is extremely difficult to completely remove the radicals and ions 
from the deposit polymer formed and stuck to the side walls and there is always a fear of causing corrosion of the 
wiring materials. It is therefore, indispensable to completely remove the deposit polymer for the purpose of extermi- 
nating the corrosion. 
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[0009] In addition, it is difficult to remove the deposit polymer formed in the case of dry etching treatment for the 
layer of titanium or tungsten. Although such deposit polymer is removable by a cleaning treatment through the use of 
a treating liquid containing hydrofluoric acid or containing hydrofluoric acid and ammonium fluoride, a metallic layer 
made of tungsten, titanium, an alloy thereof, titanium/tungsten alloy, titanium nitride or the like has fair corrosion re- 
5 sistance against a fluorine compound, but has not complete corrosion resistance thereagainst, thereby causing a fear 
that the electrical reliability is lost by pattern peeling and the like. The deposit polymer, when being allowed to remain 
unremoved, causes adjacent wirings to come into contact therewith by the accumulated pressure of the film in the next 
step, thus giving rise to short circuit and abnormality of wiring. 

[0010] The document EP-A-0 662 705 discloses a process for removing said deposit polymer using a solution of 
10 fluoride and quaternary ammomium salt dissolved in an organic solvent. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the invention to provide, in such circumstances, a cleaning liquid free from causing corrosion 

15 of an insulating film and a metallic film for the production of a semiconductor device, and a process for producing a 
high quality and highly reliable semiconductor device, said cleaning liquid being capable of readily removing a deposit 
polymer which is formed in the case of dry etching in a semiconductor device production process, especially a deposit 
polymer formed and stuck inside or around a via hole; and a deposit polymer formed and stuck to a side wall, etc. after 
wiring of a metallic electroconductive layer. 

20 [0012] As a result of intensive research and investigation accumulated by the present inventors in order to achieve 
the above-mentioned object, it has been found that the deposit polymer formed in the case of dry etching can readily 
be removed without causing corrosion of insulating films and metallic films by the use of, as a cleaning liquid, an 
aqueous solution containing a fluorine-containing compound; a water-soluble or water-miscible organic solvent; an 
inorganic acid or an organic acid; and a specific quaternary ammonium salt. Since it has been made possible to readily 

25 remove a deposit polymer formed and stuck inside or around a via hole which polymer has heretofore been difficult to 
remove and a deposit polymer formed and stuck to a side wall, etc. after wiring of a metallic electroconductive layer, 
the vicinity of a via hole is freed from pollution and is cleaned in the via hole forming step, thus enabling sufficient 
connection of metallic wiring. At the same time, it has been found that, since the deposit polymer on the side wall of a 
metallic electroconductive layer can be removed in the metallic wiring forming step, it is made possible to assure the 

30 formation of corrosion -free wiring and obtain a high quality and highly reliable semiconductor device. The present 
invention has been accomplished on the basis of the aforestated finding and information. 
[0013] Specifically, the present invention provides 

(1) a cleaning liquid as defined in claim 1 ; 

(2) a process for producing a semiconductor device which comprises the steps of forming a prescribed resist pattern 
35 on a semiconductor substrate equipped on the surface thereof with an insulating film layer; forming a via hole by dry 

etching using said resist pattern as a mask; then removing said resist pattern by effecting an ashing treatment by 
means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting an cleaning treatment by the 
use of the cleaning liquid as set forth in claim 1 and (3) a process for producing a semiconductor device which comprises 
the steps of forming a prescribed resist pattern on a semiconductor substrate equipped on the surface thereof with a 
40 metallic electroconductive film layer; forming metallic wiring by dry etching using said resist pattern as a mask; then 
removing said resist pattern by effecting an ashing treatment by means of oxygen plasma or a wet treatment by resist- 
stripper; and thereafter effecting an cleaning treatment by the use of the cleaning liquid as set forth in claim 1 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0014] FIG, 1 is an explanatory drawing showing the process for producing a semiconductor device in Example 1 . 
[0015] FIG. 2 is an explanatory drawing showing the process for producing a semiconductor device in Example 7. 
[0016] FIG. 3 is an explanatory drawing showing the process for producing a semiconductor device in Example 9. 

so Symbols 

[0017] 



1: 


Al-Si-Cu alloy layer 


2: 


TiN layer 


3: 


CVD silicon oxide film 


4: 


Resist layer 


5: 


Deposit polymer 
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1 1 : CVD silicon oxide film 
12: Tin layer 

13: Sputtered tungsten layer 

14: CVD tungsten layer 
5 15: Tin layer 

16: Resist layer 

1 7: Deposit polymer 

21 : CVD silicon oxide film 

22:. Sputtered tungsten layer 
10 23: CVD tungsten layer 

24: Al-Si-Cu alloy layer 

25: TiN layer 

26: Resist layer 

27: Deposit polymer 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] A fluorine-containing compound is used as the component (A) in the cleaning liquids of the present invention, 
which compound is exemplified by hydrofluoric acid, ammonium fluoride, ammonium hydrogen fluoride and ammonium 
20 borofluoride. 

[0019] The fluorine-containing compound as the component (A) in the cleaning liquids of the invention may be used 
alone or in combination with at least one other. The content thereof is not specifically limited, but is suitably selected 
according to the situation, usually in the range of 0.1 to 15% by weight. A content thereof less 0.1% by weight is 
unfavorable because of low removal rate of the deposit polymer, whereas a content thereof more than 15% by weight 
25 results in a tendency to corrode the wiring material. Judging from the balance between the removal rate of the deposit 
polymer and the corrosion suppresion of the wiring material, the content thereof is preferably in the range of 0.5 to 
10% by weight. 

[0020] A water-soluble or water-miscible organic solvent is used each as the component (B) in the cleaning liquids 
of the invention. Examples of such organic solvent include amides such as formamide; N-methylformide; N,N-dimeth- 

30 yiformide; N-N-dimethylacetamide; and N-methylpyrrolidone, lactons such as r-butyrolacton, alcohols such as meth- 
anol; ethanol; isopropanol; and ethylene glycol, esters such as methyl acetate, ethyl acetate, butyl acetate, methyl 
lactate, and ethyl lactate, glycols such as ethylene glycohol monobutyl ether, diethylene glycol monomethyl ether and 
diethylene glycol monoethyl ether, and sulfur compounds such as dimethyl sulfoxide and sulfolane. 
[0021] The organic solvent as the component (B) in the cleaning liquids of the invention may be used alone or in 

35 combination with at least one other. The content thereof is not specifically limited, but is suitably selected according to 
the situation, usually in the range of 1 to 80% by weight. A content thereof less than 1% causes liability to corrosion 
of the wiring material and a fear of worsening workability because of unreasonably increased viscosity of the cleaning 
liquid, whereas a content thereof more than 80% by weight results in a tendency to lower the removal rate of the deposit 
. polymer. Judging from the aspects of corrosion suppression of the wiring material, viscosity of the liquid and the removal 

40 rate of the deposit polymer, the content thereof is preferably in the range of 5 to 70% by weight. 

[0022] An inorganic acid and/or an organic acid are used each as the component (C) in the cleaning liquids of the 
invention. Examples of such inorganic acid include boric acid, phosphoric acid, phosphorous acid, hypophosphorous 
acid, polyphosphoric acid, sulfuric acid, sulphate, chloric acid, chlorous acid, hypochlorous acid, bromic acid, bromous 
acid, hypobromousacid, iodic acid, iodous acid, hypoiodousacid, nitric acid and nitrous acid. Among these compounds, 

45 boric acid or phosphoric acid is preferably used. Examples of such organic acid include formic acid, acetic acid, pro- 
pionoc acid, butyric acid, isobutyreic acid, valeric acid, isovaleric acid, heptanoic acid, lauric acid, palmitic acid, stearic 
acid, acrylic acid, crotonic acid, methacrylic acid, oxalic acid, malonic acid, maleic acid, succinic acid, adipic acid, 
azelaic acid, sebacic acid, benzoic acid, toluic acid, phthalic acid, trimellitic acid, pyromellitic acid, benzenesulfonic 
acid, toluenesulfonic acid, and salicylic acid. 

so [0023] The inorganic acid and/or an organic acid as the component (C) in the cleaning liuqids of the invention may 
be used alone or in combination with at least one other. The content thereof is not specifically limited, but is suitably 
selected according to the situation, usually in the range of 0.01 to 5% by weight. A content thereof less than 0.01% by 
weight is unfavorable because of low removal rate of the deposit polymer, whereas a content thereof more than 5% 
by weight results in a tendency to corrode the wiring matieral. Judging from the aspects of removal rate of the deposit 

55 polymer and the corrosion suppression of the wiring material, the content threreof is preferably in the range of 0.05 to 
3% by weight. 

[0024] In the cleaning liquid (I) according to the present invention, there is used, as the cornponent (D), a quaternary 
ammonium salt represented by the general formula (I) 
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[(R 1 ) 3 N-R 2 ] + a X a - (I) 

[0025] In the general formula (I), R 1 is an alkyl group having 1 to 4 carbon atoms, may be linear or branched and is 
5 exemplified by methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl 
group and tert-butyl group. Three R 1 may be the same as or different from one another. R 2 is an alkyl group or hy- 
droxyalkyl group each having 1 to 4 carbon atoms, may be linear or branched and is exemplified by those exemplifying 
the R 1 . Examples of hydroxyalkyl group include 2-hydroxyethyl group, 2-hydroxypropyl group, 3-hydroxypropyl group, 
2-hydroxybutyl group, 3-hydroxybutyl group and 4-hydroxybutyl group. X a " is an inorganic or organic anion in which a 
io is the valency of said anion. Examples of the inorganic anion include halogen ion, sulfate ion, nitrate ion, carbonate 
ion, bicarbonate ion, phosphate ion and borate ion. Examples of the organic ion include formate ion, acetate ion, 
propionate ion, butyrate ion, oxalate ion, malonate ion, maleate ion, fumarate ion, citraconate ion, benzoate ion, toluate 
ion, phthalate ion, acrylate ion and methyl sulfate ion. 

[0026] Examples of the quaternary ammonium salt represented by the general formula (I) include tetramethylam- 

*5 monium bicarbonate, tetramethylammonium carbonate, tetramethylammonium formate, tetramethylammonium ace- 
tate, tetramethylammonium propionate, tetramethylammonium butyrate, tetramethylammonium oxalate, tetramethyl- 
ammonium malonate, tetramethylammonium maleate, tetramethylammonium fumarate, tetramethylammonium citra- 
conate, tetramethylammonium benzoate, tetramethylammonium toluate, tetramethylammonium phthalate, tetrameth- 
ylammonium acrylate, trimethyl(2-hydroxyethyl)ammonium bicarbonate, trimethyl(2-hydroxyethyl)ammonium carbon - 

20 ate, trimethyl(2-hydroxyethyl)ammonium formate, trimethyl(2-hydroxyethyl)ammonium acetate, trim ethyl (2-hydroxy I e- 
thyl)ammonium benzoate, trimethyl(2-hydroxyethyl)ammonium phthalate, tetraethylammonium bicarbonate, tetraethy- 
lammonium carbonate, tetraethylammonium formate, tetraethylammonium acetate, tetrapropylammonium formate, 
tetrapropylammonium acetate, tetrabutylammonium formate, tetrabutylammonium acetate, tetramethylammonium bo- 
rate, tetramethylammonium phosphate, tetramethylammonium suifate, trimethyl(2-hydroxyethyl)ammonium borate, tri- 

25 methyl(2-hydroxyethyl)ammonium phosphate and trimethyl(2-hydroxyethyl)ammonium sulfate. 

[0027] The quaternary ammonium salt as the component (D) in the cleaning liquid (I) of the invention may be used 
alone or in combination with at least one other. The content thereof is not specifically limited, but is suitably selected 
according to the situation, usually in the range of 1 to 50% by weight based on the cleaning liquid. A content thereof 
less than 1% by weight cause liability to corrosion of the wiring material, whereas a content thereof more than 50% by 

30 weight results in a tendency to lower the removal rate of the deposit polymer. Judging from the balance between the 
corrosion suppression of the wiring material and the removal rate of the deposit polymer, the content thereof is pref- 
erably in the range of 3 to 40% by weight. 

[0028] In the cleaning liquids of the invention, there may be contained as desired, a surfactant as the component 
(E) for the purpose of enhancing the removal rate of the deposit polymer. Examples of such surfactant include anionic 

35 surfactants such as an alkylsulfuric acid ester, polyoxyethylenealkylsulf uric acid ester, alkylarylsulfuric acid ester, alkyl- 
benzensulfonic acid salt, alkyinaphthalenesulfonic acid salt, alkylphosphoric acid salt and polypxyethylenealkylphos- 
phoric acid salt; cationic surfactants such as alkylamine salt, quaternary ammonium salt and amine oxide; amphoteric 
surfactants such as alkyl betaine and substituted imidazolinium betaine; nonionic surfactants such as poly(oxyethylene) 
alkylamine, poly(oxyethylene)-fatty acid ester, glycerol -fatty aceid ester, poly(oxyethylene)sorbitol-fatty acid ester, poly 

40 (oxyethylene)sorbitan-fatty acid ester, poly(oxyethylene)/poly(oxypropylene) block copolymer, polyoxyethylene deriv- 
ative, poly(oxyethylene) aryl ether, poly(oxyethylene) alkyl ether, acetyienic alcohol, alkylpoly(oxyethylene) phosphoric 
acid ester, arylpoly(oxyethylene) phosphoric acid ester, and fatty acid alkanol amide; fluorine compound-based sur- 
factants such as perfluoroalkylsulfonic acid salt, perfluoroalkylcarbonic acid salt, perfluoroalkyl-quaternary ammonium 
salt and perf I uoroalkylpoly(oxy ethylene) ethanol; and siliconic surfactants such as alkylene oxide chain-containing 

45 orthosilicic acid alkyl ester and alkylene oxide chain-containing polysilicic acid ester. 

[0029] The surfactant in the cleaning liquids of the invention may be used alone or in combination with at least one 
other. The content thereof is not specifically limited, but is suitably selected according to the situation, usually in the 
range of 0.001 to 1% by weight. A content thereof less than 0.001% by weight causes a fear of failing to sufficiently 
exhibit the effect on the enhancement for the removal rate of the deposit polymer, whereas a content thereof more 

50 than 1 % by weight brings about economical disadvantage because of the effect on the enhancement for the removal 
rate of the deposit polymer being not recognized in proportion to the amount threreof added. Judging from the aspects 
of the effect on the enhancement for the removal rate of the deposit polymer and economical efficiency, the content 
thereof is preferably in the range of 0.01 to 0.5% by weight. 

[0030] The cleaning liquid thus obtained for producing semiconductor device according to the invention can readily 
55 remove the deposit polymer formed in the case of dry etching without corroding metallic films in the production process 
of semiconductor devices. In particular, it is suitably used for removing protective deposit films stuck to side walls of 
an insulating layer for via holes and cleaning the bottom of connection holes as well as for removing protective deposit 
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films stuck to side walls of a metallic electroconductive layer in fabricated wiring. 

[0031 ] In the following, some description will be given of the process for producing a semiconductor device according 
to the present invention. 

[0032] The process of the present invention includes two modes. The first mode comprises the steps of forming a 
5 prescribed resist pattern on a semiconductor substrate equipped on the surface thereof with an insulating film layer; 
forming a via hole by dry etching using said resist pattern as a mask; then removing said resist pattern by effecting an 
ashing treatment by means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting an cleaning 
treatment by the use of the aforestated cleaning liquid. The second mode comprises the steps of forming a prescribed 
resist pattern on a semiconductor substrate equipped on the surface thereof with a metallic electroconductive film 
10 layer; forming metallic wiring by dry etching using said resist pattern as a mask; then removing said resist pattern by 
effecting an ashing treatment by means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting 
an cleaning treatment by the use of the aforestated cleaning liquid. 

[0033] At least one insulating film layer, metallic electroconductive film layer, reflection preventive film layer and the 
like may be placed at need, between the above-mentioned insulating film layer or metallic electroconductive film layer 
15 and the substrate. In addition, a reflection preventive film layer may be placed at need, on the upper metallic electro- 
conductive film layer. 

[0034] As the substrate to be used in the process of the invention, there is preferably used the substrate which has 
heretofore been customarily used in the production of semiconductor devices, for example, silicon wafer. The insulating 
film is not specifically limited, but is exemplified by that which has heretofore been customarily used in the production 

20 of semiconductor devices, e.g. silicon oxide film, silicon nitride film and aluminium oxide film. Of these silicon oxide 
film is preferable. The silicon oxide film, when formed directely on a silicon wafer, can be formed by heating the silicon 
wafer at a high temperature in an atmosphere of oxygen gas. The silicon oxide film may be formed by chemical vapor 
deposition (CVD) method, and in this case, may be mixed in with a small amount of impurities for the purpose of 
diffusion. The silicon oxide film which is formed by CVD method is sometimes called CVD silicon oxide film, and CVD 

25 silicon oxide film which has been mixed in with a small amount of impurites for diffusion is sometimes called doped 
CVD oxide film, whereas CVD silicon oxide film which is not mixed in therewith is sometimes called non-doped CVD 
silicon oxide film. 

[0035] On the other hand, the metallic electroconductive film layer is not specifically limited, but is selected for use 
from those which have heretofore been customarily used in the production of semiconductor devices, e.g. a film com- 

30 prising tungsten, a tungsten alloy, titanium, a titanium alloy, a titan iumAungsten ailoy, titanium nitride, aluminum or the 
like. The aforesaid metallic electroconductive film layer can be formed by vacuum deposition method, sputtering meth- 
od, CVD method or the like. As the reflection preventive film layer there is used, e.g. titanium nitride film. The metallic 
electroconductive films that are formed by sputtering method and CVD method are sometimes called e.g. sputter 
tungsten film, CVD tungsten film, respectively. 

35 [0036] In the case of carrying out the process of the invention, a prescribed resist pattern is firstly formed on the 
insulating film layer or the metallic electroconductive layer. There are available various methods for forming resist 
pattern, from which a suitable method is selected according to the situation, for example, a method comprising the 
steps of coating the layer with a solution of a negative type or positive type photoresist by means of a spinner and 
drying the same to form a resist layer thereon; then irradiating the layer with an active ray such as ultraviolet ray or far 

40 ultraviolet rays via a prescribed mask with a reduction projection exposure unit, etc. or irradiating with excimer laser 
beam or X-ray via a mask, or irradiating while scanning electron beam; and thereafter performing a developing treatment 
by using a proper developing solution. 

[0037] Subsequently, using the resist pattern thus formed as a mask, dry etching is carried out. A variety of dry 
etching methods are available, of which mention is made of plasma etching method as a typical method. In the plasma 
45 etching, there is usually used fluorine or a fluorine compound gas such as tetrafluoromethane as an etching gas, 
however, the type of the etching gas and etching conditions are suitably selected according to the object of etching. 
By this dry etching treatment, a via hole is formed in the aforesaid first mode, and metallic wiring is formed in the second 
mode. 

[0038] In the dry etching treatment, a deposit polymer attributable to etching gases, resist and processed film is 
50 formed and stuck to the inside or periphery of the via hole, or the side walls of metallic electroconductive film layer 
after wiring is formed on said layer. 

[0039] In the subsequent step of removing the resist pattern, ashing method with oxygen plasma or a wet treatment 
by resist-stripper is applied to the process of the invention, which is economically advantageous, since both dry etching 
and ashing treatments can be put into practice with the same apparatus only by altering the type of the gas, when 
55 plasma etching is applied to the dry etching. Moreover, fluorine or a fluorine compound gas in a volume of 5 to 20%, 
when added to oxygen gas in the ashing treatment with oxygen plasma, remarkably facilitates the removal of the 
deposit polymer in the subsequent cleaning treatment step. The fluorine compound gas is exemplified by CF 4 , CHF 3 , 
SF 6 , NF 3 and C 2 F 6 . The ashing treatment temperature is 15 to 80°C for a long time treatment of 2 to 5 minutes, but 
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is 150 to 180°C for a short time treatment of 2 to 5 seconds due to operational reason. An unreasonably low temperature 
causes a fear of insufficient proceeding of the ashing treatment, whereas an unreasonably high temperature sometimes 
brings about corrosion of metallic wiring such as tungsten wiring. 

[0040] Subsequently, the device thus ashing-treated with oxygen plasma or a wet treatment by resist-stripper is 
5 subjected to cleaning treatment by the use of the cleaning liquid according to the present invention to remove the 
deposit polymer formed in the case of dry etching treatment. The cleaninig temperature and cleaning period of time 
are each suitably selected according to the state of deposit polymer, kind of the wiring material and the like. The cleaning 
temperature is usually 10 to 30°C to be sufficient, but may be raised to about 60°C in the case of excessively low 
removal rate of the deposit polymer. The cleaning period of time is usually about 1 to 30 minutes. The cleaning system 
10 may be adopted from batch-wise immersion cleaning, spray cleaning by sheet-fed system and atomizing cleaning. 
[0041] By the above-described cleaning treatment it is has been made possible to readily remove a deposit polymer 
formed and stuck to the inside and periphery of a via hole which polymer has heretofore been difficult to remove, and 
further to remove a deposit polymer formed and stuck to side walls, etc. after wiring of a metallic electroconductive 
film layer without causing corosion of metallic electroconductive film layer. 
15 [0042] After the cleaning treatment, pure water cleaning is carried out by the above system, followed by drying treat- 
ment. 

[0043] In the case of the first mode, the prescribed semiconductor device is obtained by connecting, through the via 
hole thus cleaned, the metallic electroconductive film layer formed for wiring, on a lower layer of an insulating film to 
the metallic electroconductive film layer formed on the upper layer of said insulating film. In the case of the second 
20 mode, the prescribed semiconductor device is obtained by, after said cleaning for wiring of the metallic electroconduc- 
tive film, forming interlaminar insulating films and completing metallic wiring. 

[0044] According to the cleaning liquid for producing a semiconductor device of the invention, it is made possible to 
readily remove a deposit polymer which is formed in the case of dry etching in a semiconductor-device production 
process, especially a deposit polymer formed and stuck to the inside and periphery of a via hole, and a deposit polymer 
25 formed and stuck to side walls, etc. after wiring of a metallic electroconductive film layer without causing corrosion of 
the metallic film. 

[0045] According to the process for producing a semiconductor device of the invention, since a deposit polymer is 
certainly removed in the via hole forming step, the vicinity of a via hole, which via hole is formed particularly in the 
insulating layer including SOG layer, is freed from pollution and thus is cleaned, thus enabling sufficient connection of 
30 metallic wiring and the formation of a high quality and highly reliable semiconductor device. In the metallic wiring 
formation step, a deposit polymer on the side walls of electroconductive films which polymer has heretofore been 
difficult to remove, can readily be romoved, thus assuring corrosion-free and clean wiring and the formation of a high 
quality and highly reliable semiconductor device. 

[0046] In the following, the present invention will be described in more detail with reference to working examples, 
35 which however shall never limit the present invention thereto. 

Example 1 

[0047] FIG. 1 is an explanatory drawing showing the process for producing a semiconductor device in this example. 

40 

(1) Formation of via hole 

[0048] As shown in FIG. 1 (a), on a surface-oxidized silicon wafer were successively formed an Al-Si-Cu alloy layer 
1 in 0.5 u,m thickness; a TIN layer 2 in 0,05 ujti (500A) thickness as a reflection reflection preventive layer; and an 
45 insulating film layer 3 comprising a CVD silicon oxide film in 0.8 urn thickness which comprises doped CVD silicon 
oxide film and non-doped CVD silicon oxide film. 

(2) Formation of resist pattern 

50 [0049] On the insulating film layer 3 comprising a CVD silicon oxide film in (1 ) was placed a positive resist layer 4 in 
1.0 u,m thickness as shown in FIG. 1 (b). Then, the layers were selectively irradiated for exposure with i-rays via a 
prescribed mask by means of projection method, heat treated at 11 0°C for 90 sec, subjected to developing treatment 
with 2.38% aqueous solution of tetramethylammonium hydroxide (TMAH), washed with water and dried to form a resist 
pattern with an opening as shown in FIG. 1 (c). 

55 

(3) Dry etching treatment 

[0050] By using the resist pattern obtained in (2) as a mask, the insulating film layer was subjected to dry etching 
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treatment under the following conditions to form a via hole as shown in FIG. 1 (d). 
Dry etching conditions: 

5 [0051] 100 paParallel flat plate type RIE, treatment pressure of 100 Pa (750 m Torr), RF electric power of 300 W, 
mixed gas of CHF 3 , CF 4 and Ar, treatment time of 152 sec. 

(4) Ashing treatment with oxygen plasma 

10 [0052] The resist pattern after dry etching treatment in (3) was removed by ashing treatment at 1 70°C for 1 80 sec. 
by the use of oxygen. As can be seen from FIG. 1 (e) showing the state after ashing treatment, there was recognized 
a deposit polymer 5 stuck to the side wall of the CVD silicon oxide film. 

(5) Cleaning treatment 

15 

[0053] The device subjected to ashing treatment with oxygen plasma in (4) was subjected to cleaning treatment at 
23°C for 3 min. by using a cleaning liquid consisting of 8% by weight of ammonium fluoride, 1 % by weight of propionic 
acid, 5% by weight of tetramethylammonium formate, 40% by weight of dimethylformamide (DFM), 0.1% by weight of 
a nonionic surfactant EP-120 A [poly(oxyethylene)phenyl ester, produced by Dai-ichi Kogyo Seiyaku Co., Ltd.] and 
20 45.9% by weight of water, followed by washing with water and drying. The state is shown in FIG. 1 (f). 

[0054] It can be seen from FIG. 1 (0, that the deposit polymer stuck to the side wall of the CVD silicon oxide film was 
completely removed and the side wall was cleaned. 

(6) Bonding of metallic film 

25 

[0055] Finally, an Al-Si-Cu layer of sublayer metallic film was bonded to an Al-Si-Cu layer of upper layer metallic film 
via the cleaned via hole in (5) to fabricate a semiconductor device. 

Examples 2 to 4, Reference Example and Comparative Example 

30 

[0056] The device subjected to ashing treatment with oxygen plasma in Example 1-(4) was subjected to cleaning 
treatment by using the cleaning liquid whose chemical composition is given in Table 1 . under the condition as given 
also in Table 

35 1 . followed by washing with water and drying. Then evaluation was made of the removability of the deposit polymer 

and corrosion suppression in accordance with the following criterion. The results are given in Table 1 . 

© : deposit polymer completely removed, or corrosion completely suppressed 
A: residual deposit polymer slightly observed, or corrosion suppression slightly observed 
40 x : residual deposit polymer observed, or corrosion suppression unobserved 
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Example 5 

[0057] The procedure in Example 1 was repeated except that tungsten layer and TIN layer were used in place of Al- 
Si-Cu layer. The results were the same as those in Example 1 . 

55' 

Example 6 

[0058] The procedures in Examples 1 to 4 were each repeated except that ashing treatment with oxygen plasma 
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was carried out by ashing treatment with oxygen plasma at 170°C for 180 sec. as the first step, followed by ashing 
treatment with plasma with the mixed gas of 1 0% by volume of CF 4 and the balance oxygen at 1 70°C for 2.5 sec. As 
is the case with Example 1 , the deposit polymer was completely removed in the cleaning step, and the place to which 
the polymer had been stuck was cleaned. 

5 

Example 7 

[0059] FIG. 2 is an explanatory drawing showing the process for producing a semiconductor device in this example. 

10 (1) Formation of metallic electroconductive film layer - 

[0060] As shown on FIG. 2 (a), on a CVD silicon oxide film 1 1 on the upper side of a silicon wafer were successively 
formed a TiN layer 12 in 50 nm (500 A)thickness, a sputter tungsten layer 13 in 150 nm(1500 A)thickness, a CVD 
tungsten layer 14 in 150 nm (1500 A) thickness, and TIN layer 15 in 50 nm (500 A) thickness as a reflection preventive 
15 layer. 

(2) Formation of resist patter 

[0061] On the TIN layer 15 in the above (1) was placed a positive resist layer 16 in 1 .0 \im thickness as shown in 
20 FIG. 2 (b). Then, the layers were selectively irradiated for exposure with i-rays via a prescribed mask by means of 
projection method, heat treated at 11 0°C for 90 sec, subjected to developing treatment with 2.38% aqueous solution 
of tetramethylammonium hydroxide (TMAH), washed with water and dried to form a resist pattern as shown in FIG. 2 (c). 

(3) Dry etching treatment 

25 

[0062] By using resist pattern obtained in (2) as a mask, the electroconductive layer was subjected to dry etching 
treatment under the following conditions to form metallic wiring as shown in FIG. 2 (d). 

Dry etching conditions: 

30 

ECR (Electron Cynchrotron Resonance) 
[0063] 

55 © Treatment pressure; 1 .33 Pa (10 m Torr), n wave incidence current; 300 mA, RF electric power; 25 W; Cl 2 ; 
treatment time; 10 sec. 

@ Treatment pressure; 1.33 Pa (10m Torr), \i wave incidence current; 350 mA, RF electric power; 20 W, mixed 
gas; (CI^SFe), 
treatment time; 25 sec. 

40 ® Treatment pressure; 1.33 Pa (10 m Torr), \l wave incidence current; 350 mA, FR electric power 50 W, Cl 2 , 
treatment time; 25 sec. 

(4) Ashing treatment with oxygen plasma 

45 [0064] The resist pattern after dry etching treatment in (3) was removed by ashing treatment at 1 70°C for 180 sec. 
by the use of oxygen. As can be seen from FIG. 2 (e) showing the state after ashing treatment, there was recognized 
a deposit polymer an insulating film and stuck to the side wall of the CVD silicon oxide film. 

(5) Cleaning treatment 

50 

[0065] The device subjected to ashing treatment with oxygen plasma in the above (4) was subjected to cleaning 
treatment in the same manner as in Example 1-(5), followed by washing with water and drying. The state is shown in 
FIG. 2 (f). 

[0066] It can be seen from FIG. 2 (f) that the deposit polymer 17 stuck to the side wall of the electroconductive film 
55 was completely removed and the side wall was cleaned. 
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(6) Formation of interlaminar insulating film 

[0067] Finally, a interlaminar insulating film was formed and metallic wiring was completed to fabricate the objective 
semiconductor device. 

5 

Example 8 

[0068] The procedure in Examples 7-(4) was repeated except that ashing treatment with oxygen plasma was carried 
out by ashing treatment with oxygen plasma at 1 70°C for 1 80 sec. as the first step, followed by ashing treatment with 
10 plasma with the mixed gas of 1 0% by volume of CF 4 and the balance oxygen at 1 70°C for 2.5 sec. As is the case with 
Example 1 , the deposit polymer was completely removed in the cleaning step, and the place to which the polymer had 
been stuck was cleaned. 

Example 9 

15 

[0069] FIG. 3 is an explanatory drawing showing the process for producing a semiconductor device in this example. 

(1) Formation of metalic electroconductive film layer 

20 [0070] As shown on FIG. 3 (a), on a CVD silicon oxide film 21 on the upper side of a silicon wafer were successively 
formed a sputter tungsten layer 22 in 50 nm (500A) thickness, a CVD tungsten layer 23 in1 OOnm (1 000 A) thickness, 
an Al-Si-Cu alloy layer 24 in 500 nm (5000A) thickness, and a UN layer 25 in 50 nm (500 A) thickness as a reflection 
preventive layer. 

25 (2) Formation of resist pattern 

[0071] On the TIN layer 25 in the above (1) was placed a positive resist layer 26 in 1.6 ujti thickness as shown in 
FIG. 3 (b). Then, the layers were selectively irradiated for exposure with i-rays via a prescribed mask by means of 
projection method, heat treated at 11 0°C for 90 sec, subjected to developing treatment with 2.38% aqueous solution 
30 of tetramethylammonium hydroxide (TM AH), washed with water and dried to form a resist pattern as shown in FIG. 3 (c). 

(3) Dry etching treatment 

[0072] By using resist patter obtained in (2) as a mask, the electroconductive layer was subjected to dry etching 
35 treatment under the following conditions to form metallic wiring as shown in FIG. 3 (d). 

Dry etching conditions: 

ECR (Electron Cynchrotron Resonance) 

40 

[0073] 

® Treatment pressure; 1 .06 Pa (8 m Torr), u, wave incidence current; 250 mA, RF electric power; 20 W, mixed gas; 

(BCiySFe), 
45 treatment time; 9 sec. 

@ Treatment pressure; 1 .06 Pa (8 m Torr) u. wave incidence current; 320 mA, RF electric power; 60 W, mixed gas; 

(3Cyc\ 2 )> treatment time; 30 sec. 
® Treatment pressure; 1 .06 Pa(8 m Torr), \i wave incidence current; 250 mA, FR electric power; 20 W, mixed gas; 

(BCI^SFe), 

50 

treatment time; 25 sec. 

(4) Ashing treatment with oxygen plasma 

55 [0074] The resist pattern after dry etching treatment in (3) was removed by ashing treatment at 1 70°C for 1 80 sec. 
by the use of oxygen. As can be seen from FIG. 3 (e) showing the state after ashing treatment, there was recognized 
a deposit polymer 27 stuck to the side wall of the metallic electroconductive film. 
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(5) Cleaning treatment 

[0075] The device subjected to ashing treatment with oxygen plasma in the above (4) was subjected to cleaning 
treatment in the same manner as in Example 1-(5), followed by washing with water and drying. The state is shown in 
5 FIG. 3 (f). 

[0076] It can be seen from FIG. 3 (f) that the deposit polymer 27 stuck to the side wall of the electroconductive film 
was completely removed and the side wall was cleaned. 

(6) Formation of interlaminar insulating film 

10 

[0077] Finally, a interlaminar insulating film was formed and metallic wiring was completed to fabricate the objective 
semiconductor device. 

Example 10 

15 

[0078] The procedure in Examples 9-(4) was repeated except that ashing treatment with oxygen plasma was carried 
out by ashing treatment with oxygen plasma at 1 70°C for 1 80 sec. as the first step, followed by ashing treatment with 
plasma with the mixed gas of 1 0% by volume of CF 4 and the balance oxygen at 1 70°C for 2.5 sec. As is the case with 
Example 1 , the deposit polymer was completely removed in the cleaning step, and the place to which the polymer had 
20 been stuck was cleaned. 



Claims 

25 

Claims for the fo lowing Contracting States : BE, FR 

1 . A cleaning liquid for producing a semiconductor device in the form of an aqueous solution which comprises 0.1 - 
15 % by weight of a (A) fluorine-containing compound selected from the group consisting of hydrofluoric acid, 

30 ammonium fluoride ammonium hydrogen fluoride and ammonium borofluoride, 

1 - 80 % by weight of a (B) water - soluble or water - miscible organic solvent selected from the group consisting 
of amides, lactons, alcohols, esters, glycols and sulfur compounds, 

0.01 - 5 % by weight of a (C) inorganic acid and/or organic acid, whereby the inorganic acid is selected from the 
group consisting of boric acid, phosphoric acid, phosphorous acid, hypophosphorous acid, polyphosphoric acid, 
35 sulfuric acid, sulphate, chloric acid, chlorous acid, hypochlorous acid, bromic acid, bromous acid, hypobromous 

acid, iodic acid, iodous acid, hypoiodous acid, nitric acid and nitrous acid and 1 - 50 % by weight of a (D) quaternary 
ammonium salt represented by the general formula (I) 

40 [(R 1 ) 3 N-R 2 ] + a X a - (I) 

wherein R 1 is an alkyl group having 1 to 4 carbon atoms in which three R 1 may be the same or different, R 2 is an 
alkyi group or hydroxyalkyl group each having 1 to 4 carbon atoms, and X a_ is an inorganic or organic anion in 
which a is the valency of said anion. 

45 

2. The cleaning liquid for producing a semiconductor device according to claim 1 which further comprises a (E) sur- 
factant. 

3. The cleaning liquid for producing a semiconductor device according to claim 1 or 2 wherein the inorganic acid is 
50 boric acid or phosphoric acid. 

4. A process for producing a semiconductor device which comprises the steps of forming a prescribed resist pattern 
on a semiconductor substrate equipped at the surface thereof with an insulating film layer; forming a via hole by 
dry etching using said resist pattern as a mask; then removing said resist pattern by effecting an ashing treatment 

55 by means of oxygen plasma or a wet treatment by resist-strtpper; and thereafter effecting an cleaning treatment 

by the use of the cleaning liquid as set forth in Claim 1 or 2. 
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5. The process for producing a semiconductor device according to Claim 4 wherein said cleaning treatment is effected 
for removing a deposit polymer formed and stuck to the inside and periphery of a via hole. 

6. The process for producing a semiconductor device according to Claim 5 wherein said via hole is formed in the 
5 insulating layer including Spin On Glass layer. 

7. A process for producing a semiconductor device which comprises the steps of forming a prescribed resist pattern 
on a semiconductor substrate equipped at the surface thereof with a metallic electroconductive film layer; forming 
metallic wiring by dry etching using said resist pattern as a mask; then removing said resist pattern by effecting 

10 an ashing treatment by means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting an 

cleaning treatment by the use of the cleaning liquid as set forth in Claim 1 or 2. 

8. The process for producing a semiconductor device according to Claim 7 wherein the metallic electroconductive 
film layer comprises at least one member selected from the group consisting of tungsten, a tungsten alloy, titanium, 

15 a titanium alloy, a titanium/tungsten alloy, titanium nitride, aluminum and an aluminum alloy. 

9. The process for producing a semiconductor device according to Claim 7 wherein said cleaning treatment is effected 
for the purpose of removing a deposit polymer formed and stuck to a side wall of the electroconductive film layer. 

20 10. The process for producing a semiconductor device according to Claim 4 or 7 wherein the ashing treatment by 
means of oxygen plasma is effected by adding fluorine gas or a fluorine compound gas to the oxygen. 



Claims for the following Contracting States : DE, GB, IT 

25 

1 . A cleaning liquid for producing a semiconductor device in the form of an aqueous solution which comprises 0.1 - 
15 % by weight of a (A) fluorine-containing compound selected from the group consisting of hydrofluoric acid, 
ammonium fluoride, ammonium hydrogen fluoride and ammonium borofluoride, 

1 - 80 % by weight of a (B) water - soluble or water - miscible organic solvent selected from the group consisting 

30 of amides, lactons, alcohols, esters, glycols and sulfur compounds, 

0.01 - 5 % by weight of a (C) inorganic acid and/or organic acid, whereby the inorganic acid is selected from the 
group consisting of boric acid, phosphoric acid, phosphorous acid, hypophosphorous acid, polyphosphoric acid, 
sulfuric acid, sulphate, chloric acid, chlorous acid, hypochlorous acid, bromic acid, bromous acid, hypobromous 
acid, iodic acid, iodous acid, hypoiodous acid, nitric acid and nitrous acid and 1 - 50 % by weight of a (D) quaternary 

35 ammonium salt represented by the general formula (I) 

[(R 1 ) 3 N-R 2 ] + a X a " (I) 

40 wherein R 1 is an alkyl group having 1 to 4 carbon atoms in which three R 1 may be the same or different, R 2 is an 

alkyl group or hydroxyalkyl group each having 1 to 4 carbon atoms, and X a " is an inorganic or organic anion in 
which a is the valency of said anion, 

excluding the combination of (A) a salt of hydrofluoric acid, (B) a water-soluble organic solvent, (C) a carboxyl 
group-containing compound and (D) a meta free quaternary ammonium salt and water, the combination having a 
« P H of 5 to 8. 

2. The cleaning liquid for producing a semiconductor device according to claim 1 which further comprises a (E) sur- 
factant. 

50 3. The cleaning liquid for producing a semiconductor device according to claim 1 or 2 wherein the inorganic acid is 
boric acid or phosphoric acid. 

4. A process for producing a semiconductor device which comprises the steps of forming a prescribed resist pattern 
on a semiconductor substrate equipped at the surface thereof with an insulating film layer; forming a via hole by 
55 dry etching using said resist pattern as a mask; then removing said resist pattern by effecting an ashing treatment 

by means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting an cleaning treatment 
by the use of the cleaning liquid as set forth in Claim 1 or 2. 
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The process for producing a semiconductor device according to Claim 4 wherein said cleaning treatment is effected 
for removing a deposit polymer formed and stuck to the inside and periphery of a via hole. 

The process for producing a semiconductor device according to Claim 5 wherein said via hole is formed in the 
insulating layer including Spin On Glass layer. 

A process for producing a semiconductor device which comprises the steps of forming a prescribed resist pattern 
on a semiconductor substrate equipped at the surface thereof with a metallic electroconductive film layer; forming 
metallic wiring by dry etching using said resist pattern as a mask; then removing said resist pattern by effecting 
an ashing treatment by means of oxygen plasma or a wet treatment by resist-stripper; and thereafter effecting an 
cleaning treatment by the use of the cleaning liquid as set forth in Claim 1 or 2. 

The process for producing a semiconductor device according to Claim 7 wherein the metallic electroconductive 
film layer comprises at least one member selected from the group consisting of tungsten, a tungsten alloy, titanium, 
a titanium alloy, a titanium/tungsten alloy, titanium nitride, aluminum and an aluminum alloy 

The process for producing a semiconductor device according to Claim 7 wherein said cleaning treatment is effected 
for the purpose of removing a deposit polymer formed and stuck to a, side wall of the electroconductive film layer. 

20 10. The process for producing a semiconductor device according to Claim 4 or 7 wherein the ashing treatment by 
means of oxygen plasma is effected by adding fluorine gas or a fluorine compound gas to the oxygen. 



Patentanspruche 

25 

PatentansprUche fUr folgende Vertragstaaten : BE, FR 

1. Reinigungsflussigkeit zur Herstelfung einer Halbleitervorrichtung in Form einer wassrigen Losung, welche umfasst 

30 

0,1 bis 15 Gew,-% einer (A) fluorhaltigen Verbindung, die ausgewahlt wird aus der Fluorwasserstoffsaure, 
Ammoniumfluorid, Ammoniumhydrogenfluorid und Ammoniumborfluorid bestehenden Gruppe, 

1 bis 80 Gew.-% eines (B) wasserloslichen oder wassermischbaren organischen Losungsmittels, das ausge- 
35 wahlt wird aus der aus Amiden, Lactonen, Alkohohlen, Estern, Glykolen und Schwefel-Verbindungen beste- 

henden Gruppe, 

0,01 bis 5 Gew.-% einer (C) anorganischen Saure und/oder organischen Saure, wobei die anorganische Saure 
ausgewahlt wird aus der aus Borsaure, Phosphorsaure, phosphoriger Saure, hypophosphoriger Saure, Poly- 
40 phosphorsaure, Schwefelsaure, Sulfat, Chlorsaure, chloriger Saure, hypochloriger Saure, Bromsaure, bromi- 

ger Saure, hypobromiger Saure, lodsaure,. iodiger Saure, hypoiodiger Saure, Salpetersaure und salpetriger 
Saure und 

1 bis 50 Gew,-% eines (D) quaternaren Ammoniumsalzes, das durch die allgemeine Formel (I) dargestellt wird 

45 

[(R 1 ) 3 N-R 2 f a X a - (I) 

wobei R 1 eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen ist, wobei drei R 1 gleich oder verschieden sein konnen, 
50 R2 eine Alkylgruppe oder Hydroxyalkylgruppe ist, die jeweils 1 bis 4 Kohlenstoffatome aufweist, und X a_ ein anor- 

ganisches oder organisches Anion ist, bei dem a die Valenz des Anions ist. 

2. Reinigungsflussigkeit zur Herstellung einer Halbleitervorrichtung nach Anspruch 1 , welche dariiber hinaus einen 
(E) oberflachenaktiven Stoff umfasst, 

55 

3. Reinigungsflussigkeit zur Herstellung einer Halbleitervorrichtung nach Anspruch 1 oder 2, wobei die anorganische 
Saure Borsaure oder Phosphorsaure ist. 
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Verfahren zur Herstellung einer Halbleitervorrichtung, umfassend die Schrrtte Ausbilden eines vorherbestimmten 
Resistmusters auf einem Halbleitersubstrat, das auf seiner Oberflache eine isolierende Filmschicht aufweist; Aus- 
bilden einer Bohrung durch Trockenatzen unter Verwendung des Resistmusters als Maske; dann Entfemung des 
Resistmusters durch Durchfuhrung einer Veraschungsbehandlung mit Hilfe von Sauerstoffplasma oder einer 
Nassbehandtung durch einen Resist-Stripper; und danach Durchfuhrung einer Reinigungsbehandlung durch Ver- 
wendung der in Anspruch 1 oder 2 definierten Reinigungsfliissigkeit. 

Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 4, wobei die Reinigungsbehandlung zur Ent- 
femung eines abgelagerten Polymeren durchgefuhrt wird, das sich gebildet hat und im Inneren und an der Peri- 
pherie einer Bohrung haftet. 

Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 5, wobei die Bohrung in einer isolierenden 
Schicht einschlieBlich einer Spin-on-Glass-Schicht gebildet wird. 

Verfahren zur Herstellung einer Halbleitervorrichtung, umfassend die Schritte Ausbilden eines vorherbestimmten 
Resistmusters auf einem Halbleitersubstrat, welches an seiner Oberflache mit einer metallischen elektroleitfahigen 
Filmschicht versehen ist; Ausbilden einer metallischen Verdrahtung durch Trockenatzen unter Verwendung des 
Resistmusters als Maske; dann Entfernung des Resistmusters durch Durchfuhrung einer Veraschungsbehandlung 
mit Hilfe von Sauerstoffplasma oder einer Nassbehandlung durch Resist-Stripper; und anschlieBend Durchfuhrung 
einer Reinigungsbehandlung durch Verwendung der in Anspruch 1 oder 2 definierten Reinigungsfliissigkeit. 

Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 7, wobei die metallische elektroleitfahige 
Filmschicht mindestens einen Bestandteil umfasst, der ausgewahlt wird aus der aus Wolfram, einer Wolfram- 
Legierung, Titan, einer Titantegierung, einer Titan/Wolf ram-Legierung, Titannitrid, Aluminium und einer Aluminium- 
Legierung bestehenden Gruppe. 

Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 7, wobei die Reinigungsbehandlung zur Ent- 
fernung eines abgeschiedenen Polymeren durchgefuhrt wird, das sich ausgebildet hat und an der Seitenwand der 
elektroleitfahigen Filmschicht haftet. 

10. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 4 oder 7, wobei die Veraschungsbehandlung 
mit Hilfe von Sauerstoffplasma durch Zugabe von Fluorgas oder einem Fluorverbindungs-Gas zum Sauerstoff 
durchgefuhrt wird. 

35 . 

Patentanspruche fiir folgende Vertragstaaten : DE, GB, IT 

1 . Reinigungsfliissigkeit zur Herstellung einer Halbleitervorrichtung in Form einer wass rig en Losung, welche umfasst 

40 o,1 bis 15 Gew.-% einer (A) fluorhaltigen Verbindung, die ausgewahlt wird aus der Fluorwasserstoffsaure, 

Ammoniumfluorid, Ammoniumhydrogenfluorid und Ammoniumborfluorid bestehenden Gruppe, 

1 bis 80 Gew.-% eines (B) wasserldslichen oder wassermischbaren organischen Losungsmittels, das ausge- 
wahlt wird aus der aus Amiden, Lactonen, Alkohohlen, Estern, Glykolen und Schwefel-Verbindungen beste- 
45 henden Gruppe, 

0.01 bis 5 Gew.-% einer (C) anorganischen Saure und/oder organischen Saure, wobei die anorganische Saure 
ausgewahlt wird aus der aus Borsaure, Phosphorsaure, phosphoriger Saure, hypophosphoriger Saure, Poly- 
phosphorsaure, Schwefelsaure, Sulfat, Chlorsaure, chloriger Saure, hypochloriger Saure, Bromsaure, bromi- 
50 ger Saure, hypobromiger Saure, lodsaure, iodiger Saure, hypoiodiger Saure, Salpetersaure und salpetriger 

Saure und 

bis 50 Gew.-% eines (D) quaternaren Ammoniumsalzes, das durch die allgemeine Formel (i) dargesteltt wird 

t(R 1 ) 3 N-R 2 ] + a X a - (1) 
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wobei R 1 eine Altcylgruppe mit 1 bis 4 Kohlenstoffatomen ist, wobei drei R 1 gleich Oder verschieden sein konnen, 
R 2 eine Alkylgruppe oder Hydroxyalkylgruppe ist, die jeweiis 1 bis 4 Kohlenstoffatome aufweist, und X a_ ein anor- 
ganisches oder organisches Anion ist, bei dem a die Valenz des Anions ist, 

mit Ausnahme der Kombination von (A) einem Salz von Fluorwasserstoffsaure, (B) einem wasserioslichen orga- 
5 nischen Losungsmittel, (C) einer carboxylgruppenhaltigen Verbindung und (D) einem metallfreien quatemaren 

Ammoniumsalz und Wasser, wobei die Kombination einen pH von 5 bis 8 aufweist. 

2. Reinigungsfliissigkeit zur Herstellung einer Halbleitervorrichtung nach Anspruch 1 , welche daruber hinaus einen 
(E) oberflachenaktiven Stoff umfasst. 

10 

3. Reinigungsfliissigkeit zur Herstellung einer Halbleitervorrichtung nach Anspruch 1 oder 2, wobei die anorganische 
Saure Borsaure oder Phosphorsaure ist. 

4. Verfahren zur Herstellung einer Halbleitervorrichtung, umfassend die Schritte Ausbilden eines vorherbestimmten 
15 Resistmusters auf einem Halbleitersubstrat, das auf seiner Oberflache eine isolierende Filmschicht aufweist; Aus- 
bilden einer Bohrung durch Trockenatzen unter Verwendung des Resistmusters als Maske; dann Entfemung des 
Resistmusters durch" Durchfiihrung einer Veraschungsbehandlung mit Hilfe von Sauerstoffplasma oder einer 
Nassbehandlung durch einen Resist-Stripper; und danach Durchfiihrung einer Reinigungsbehandtung durch Ver- 
wendung der in Anspruch 1 oder 2 definierten Reinigungsfliissigkeit. 

20 

5. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 4, wobei die Reinigungsbehandlung zur Ent- 
femung eines abgelagerten Polymeren durchgefuhrt wird, das sich gebiidet hat und im Inneren und an der Peri- 
pherie einer Bohrung haftet. 

25 6. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 5, wobei die Bohrung in einer isolierenden 
Schicht einschlieBlich einer Spin-on-Glass-Schicht gebiidet wird. 

7. Verfahren zur Herstellung einer Halbleitervorrichtung, umfassend die Schritte Ausbilden eines vorherbestimmten 
Resistmusters auf einem Halbleitersubstrat, welches an seiner Oberflache mit einer metallischen elektroleitfahigen 
30 Filmschicht versehen ist; Ausbilden einer metallischen Verdrahtung durch Trockenatzen unter Verwendung des 

Resistmusters als Maske; dann Entfernung des Resistmusters durch Durchfiihrung einer Veraschungsbehandlung 
mit Hilfe von Sauerstoffplasma oder einer Nassbehandlung durch Resist-Stripper; und anschlieBend Durchfiihrung 
einer Reinigungsbehandlung durch Verwendung der in Anspruch 1 oder 2 definierten Reinigungsfliissigkeit. 

35 8. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 7, wobei die metallische elektroleltfahige 
Filmschicht mindestens einen Bestandteil umfasst, der ausgewahlt wird aus der aus Wolfram, einer Woifram- 
Legierung, Titan, einer Titanlegierung, einer Titan/Wolf ram -Leg ie rung, Titan nitrid, Aluminium und einer Aluminium- 
Legierung bestehenden Gruppe. 

40 9. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 7, wobei die Reinigungsbehandlung zur Ent- 
fernung eines abgeschiedenen Polymeren durchgefuhrt wird, das sich ausgebildet hat und an der Seitenwand der 
elektroleitfahigen Filmschicht haftet. 

10. Verfahren zur Herstellung einer Halbleitervorrichtung nach Anspruch 4 oder 7, wobei die Veraschungsbehandlung 
45 mit Hilfe von Sauerstoffplasma durch Zugabe von Fluorgas oder einem Fluorverbindungs-Gas zum Sauerstoff 

durchgefuhrt wird. 



Revendications 

50 

Revendications pour les Etats contracts nts suivants : BE, FR 

1. Liquide de nettoyage pour produire un composant semi-conducteur, sous la forme dune solution aqueuse qui 
55 comprend de 0,1 a 15 % en poids d'un compost (A) contenant du fluor selectionne a partir du groupe constitue 

de I'acide fluorhydrique, du fluorure d'ammonium, du fluorure d'hydrogene ammonium et du borofluorure d'ammo- 
nium, de 1 a 80 % en poids d'un solvant organique (B) soluble dans I'eau ou miscible avec I'eau selectionne" a 
partir du groupe constitue des amides, des lactones, des alcools, des esters, des glycols et des composes de 
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soufre; de 0,01 a 5 % en poids d'un acide inorganique et/ou un acide organique(C), dans lequel I'acide inorganique 
est selectionnS k partir du groupe constitue de I'acide borique, de I'acide phosphorique, de I'acide phosphoreux, 
de I'acide hydrophosphoreux, de I'acide polyphosphorique, de I'acide sulfurique, du sulfate, de I'acide chlorique, 
de I'acide chloreux, de I'acide hypochloreux, de I'acide bromique, de I'acide bromeux, de I'acide hypobromeux, de 
5 I'acide iodique, de I'acide iodeux, de I'acide hypo-iodeux. de I'acide nitrique et de I'acide nitreux, et de 1 a 50 % 

en poids d'un sel d'anmonium quaternaire (D) represents par la formule generate (I): 

[(R 1 ) 3 N-R 2 ] + a X a ' 

10 

dans laquelle R 1 est un groupe alkyle ayant de 1 k 4 atomes de carbone dans lesquels trois groupes R 1 peuvent 
etre identiques ou differents, R 2 est un groupe alkyle ou un groupe hydroxyalkyle ayant chacun de 1 k 4 atomes 
de carbone, et X a_ est un anion inorganique ou organique dans lequel a est la valence dudit anion. 

*5 2. Liquide de nettoyage pour produire un composant semi-conducteur selon la revendication 1 , comprenant en outre 
un tensioactif (E). 

3. Liquide de nettoyage pour produire un composant semi-conducteur selon la revendication 1 ou 2, dans lequel 
I'acide inorganique est de I'acide borique ou de I'acide phosphorique. 

20 

4. Procede de production d'un composant semi-conducteur comprenant les Stapes consistant k former un motif de 
reserve present sur un substrat semi-conducteur muni au niveau de sa surface d'une couche de film isolant ; k 
former un trou traversant par gravure sfeche en utilisant ledit motif de reserve en tant que masque ; puis a eiiminer 
ledit motif de reserve en effectuant un traitement de reduction en cendres au moyen d'un plasma d'oxygene ou 

25 un traitement humide par decapage de rSsine ; et ensuite k effectuer un traitement de nettoyage par r utilisation 

du liquide de nettoyage selon la Revendication 1 ou la Revendication 2. 

5. Procede de production d'un composant semi-conducteur selon la Revendication 4, dans lequel ledit traitement de 
nettoyage est effectue pour eiiminer un depdt polymfcre forme et colie k I'interieur et k la p§riph6rie d'un trou 

30 traversant 

6. Procede de production d'un composant semi-conducteur selon la revendication 5, dans lequel ledit trou traversant 
est forme dans la couche isolante incluant une couche « Spin On Glass » (SOG). 

35 7. Procede de production d'un composant semi-conducteur comprenant les etapes consistant a former un motif de 
reserve present sur un substrat semi-conducteur muni a sa surface d'un film metallique conduisant I'eiectricite; a 
former le cablage metallique par gravure seche en utilisant ledit motif de reserve en tant que masque ; puis a 
eiiminer ledit motif de reserve en effectuant un traitement de reduction en cendres au moyen d'un plasma d'oxygene 
ou par un traitement humide par decapage de resine; et ensuite a effectuer un traitement de nettoyage en utilisant 

40 le liquide de nettoyage selon la Revendication 1 ou la Revendication 2. 

8. Procede de production d'un composant semi-conducteur selon la Revendication 7, dans lequel la couche de film 
metallique conduisant I'eiectricite comprend au moins un element selectionne a partir du groupe constitue du 
tungstene, d'un alliage de tungstene, du titane, d'un alliage de titane, d'un alliage de titane/tungstene, de nitrure 

45 de titane, d'aluminium et d'un alliage d'aluminium. 

9. Precede" de production d'un composant semi-conducteur selon la Revendication 7, dans lequel ledit traitement de 
nettoyage est effectue dans le but d'eliminer un depot polymere form6 et coll6 sur une paroi laterale de la couche 
de film conduisant I'electricite. 

50 

10. Proc6d6 de production d'un composant semi-conducteur selon la Revendication 4 ou la Revendication 7, dans 
lequel le traitement de reduction en cendres au moyen d'un plasma d'oxygene est effectue en ajoutant du gaz 
fluor ou un compose gazeux fluore k Poxygene. 

55 

Revendications pour les Etats contractants suivants: DE, GB, IT 

1. Liquide de nettoyage pour produire un composant semi-conducteur, sous la forme d'une solution aqueuse qui 
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comprend de 0,1 k 15 % en poids d'un compose (A) contenant du fluor selections k partir du groupe constitue 
de I'acidefluorhydrique, du fluorure d'ammonium, du fluorure d'hydrogene ammonium et du borofluorure d'ammo- 
nium, de 1 k 80 % en poids d'un sotvant organique (B) soluble dans I'eau ou miscible avec I'eau selectionne a 
partir du groupe constitue des amides, des lactones, des alcools, des esters, des glycols et des composes de 

5 soufre; de 0,01 a 5 % en poids d'un acide inorganique et/ou d'un acide organique (C), dans lequel I'acide inorga- 

nique est selectionne a partir du groupe constitue de I'acide borique, de I'acide Phosphorique, de I'acide phospho- 
reux, de I'acide hydrophosphoreux, de I'acide polyphosphorique, de I'acide sulfurique, du sulfate, de I'acide chlo- 
rique, de I'acide chloreux, de I'acide hypochloreux, de I'acide bromique, de I'acide bromeux, de I'acide hypobro- 
meux, de I'acide iodique, de I'acide iodeux, de I'acide hypo-iodeux, de I'acide nitrique et de I'acide nitreux, et de 

w 1 a 50 % en poids d'un sel d'ammonium, quatemaire (D) represents par la formule gSnerale (I) : 

t(R 1 ) 3 N-R 2 ] + a X a ' 

15 dans laquelle R 1 est un groupe alkyle ayant de 1 a 4 atomes de carbone dans lesquels trois groupes R 1 peuvent 

etre identiques ou differents, R 2 est un groupe alkyle ou un groupe hydroxyalkyle ayant chacun de 1 k 4 atomes 
de carbone, et X a ' est un anion inorganique ou organique dans lequel a est la valence dudit anion, 
k I'exclusion de la combinaison de (A) un sel d'acide fluorhydrique, (B) un solvant organique soluble dans I'eau, 
(C) un compose contenant un groupe carboxyle et (D) un sel d'ammonium quatemaire ne contenant pas de metal, 

20 et d'eau, la combinaison ayant un pH de 5 a 8. 

2. Liquide de nettoyage pour produire un composant semi-conducteur selon la revendication 1 , contenant en outre 
un tensioactif (E). 

25 3. Liquide de nettoyage pour produire un composant semi-conducteur selon la revendication 1 ou 2, dans lequel 
I'acide inorganique est de I'acide borique ou de I'acide phosphorique. 

4. Procede de production d'un composant semi-conducteur comprenant les etapes consistant k former un motif de 
reserve present sur un substrat semi-conducteur muni au niveau de sa surface d'une couche de film isolant ; k 
30 former un trou traversant par gravure seche en utilisant ledit motif de reserve en tant que masque; puis a eliminer 

ledit motif de reserve en effectuent un traitement de reduction en cendres au moyen d'un plasma d'oxygene ou 
un traitement humide par decapage de resine ; et ensuite k effectuer un traitement de nettoyage par I'utilisation 
du liquide de nettoyage selon la Revendication 1 ou la Revendication 2. 

35 5. Procede de production d'un composant semi-conducteur selon la Revendication 4, dans lequel ledit traitement de 
nettoyage est effectue pour eliminer un depot polymere forme et colle a Pinterieur et a la peripherie d'un trou 
traversant. 

6. Procede de production d'un composant semi-conducteur selon la revendication 5, dans lequel ledit trou traversant 
40 est forme dans la couche isolante inciuant une couche « Spin On Glass » (SOG). 

7. Procede de production d'un composant semi-conducteur comprenant les etapes consistant k former va motif de 
reserve present sur un substrat semi-conducteur muni a sa surface d'un film metallique conduisant I'electricite ; k 
former un cablage metallique par gravure seche en utilisant ledit motif de reserve en tant que masque; puis a 

45 eliminer ledit motif de reserve en effectuant un traitement de reduction en cendres au moyen d'un plasma d'oxygene 

ou un traitement humide par decapage de resine; et ensuite k effectuer un traitement de nettoyage en utilisant le 
liquide de nettoyage selon, la Revendication 1 ou la Revendication 2. 

8. Proc6de de production d'un composant semi-conducteur selon la Revendication 7, dans lequel la couche de film 
so m6tallique conduisant I'electricite comprend au moins un element selectionne k partir du groupe constitue du 

tungstene, d'un alliage de tungstene, du titane, d'un alliage de titane, d'un. alliage de titane/tungstene, de nitrure 
de titane, d'aluminium et d'un alliage d'aluminium. 

9. Procede de production d'un composant semi-conducteur selon la Revendication 7, dans lequel ledit traitement de 
55 nettoyage est effectue dans le but d'eliminer un depot polymere forme et colle a une paroi laterale de la couche 

de film conduisant I'electricite. 

10. Procede de production d'un composant semi-conducteur selon la Revendication 4 ou la Revendication 7, dans 
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lequel le traitement de reduction en cendres au moyen d'un plasma d'oxygene est effectue en ajoutant un gaz de 
fluor ou un compose fluore gazeux a I'oxygene. 
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FIG. I 
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FIG. 2 
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FIG. 3 
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